M
ENINGIOMAS of Meckel's cave involving the Gasserian ganglion are relatively rare? 2 In a series of 295 intracranial meningiomas, Cushing and Eisenhardt 6 found only five arising in Meckel's cave. There were 14 Gasserian ganglion meningiomas among 1454 intracranial meningiomas seen at the Mayo Clinic from 1914 through 1960, an incidence of 1%. 7 We are reporting the clinical and surgical findings in 12 patients with meningioma of Meckel's cave treated surgically at the Mayo Clinic from 1952 to 1972. Each of the 12 had a histologically verified meningioma located within Meckel's cave and involving the Gasserian ganglion, or the posterior sensory trigeminal root, or both.
Summary of Cases
Of the 12 patients, nine were women and three were men. Their ages ranged from 35 to 71 years, with the mean 56 years and the peak incidence in the 60's. Retrospective study of these patients suggested three clearly defined clinical groups.
Group 1
Signs and Symptoms. Six of the patients had face pain with the characteristic features of trigeminal neuralgia. These comprise Group 1; their clinical findings are summarized in Table 1 . The face pain was described as superficial, intense, brief, and paroxysmal. Trigger points were present at some time during the course of the disease, and obvious stimuli could provoke the pain. The pain was limited to some part of the distribution of the trigeminal nerve. There was a tendency for the frequency and severity of episodes to increase, with occasional spontaneous remissions. All the symptoms were unilateral. All patients had undergone several therapeutic attempts to control their pain before surgery. Previous treatment included diphenylhydantoin and carbamazepine administration, alcohol blocks, Caldwell-Luc sinus operations, and dental extractions. One patient had an associated glossopharyngeal neuralgia, and another had a contralateral facial spasm, All patients had normal findings on physical examination and no detectable neurological deficit. Skull films were normal. Operative Procedures. All patients underwent transtemporal extradural exploration of Meckel's cave, removal of meningioma involving the Gasserian ganglion, and retrogasserian rhizotomy. The venous oozing was more severe than in routine procedures for trigeminal neuralgia, and the middle meningeal artery usually was significantly enlarged. The dura propria showed signs of fullness, and section of the exposed arcuate fibers of the dura revealed small, friable, granular, easily detachable meningiomas (Fig. 1) . The most common histological diagnosis was meningotheliomatous meningioma. In two patients the motor root was sectioned because it adhered to the tumor.
Outcome. Two patients postoperative temporary facial nerve palsy that was thought to be related to traction of the greater superficial petrosal nerve and secondary involvement of the geniculate ganglion. The six patients obtained ipsilateral anesthesia in all three divisions.
This group of patients had the best prognosis for relief of pain, for nonrecurrence of the tumor, and for return to a normal, useful life.
Group 2
Signs and Symptoms. Three patients presented with atypical face pain in the trigeminal nerve distribution associated with no objective trigeminal motor or sensory loss. These comprise Group 2; their clinical findings are summarized in Table 2 . The pain was described as more constant, burning, and deeper than that of Group 1, and was occasionally associated with numbness and soreness between attacks. Peripheral alcohol injections provided only temporary partial relief.
Skull films, including special basal views, were normal. In one case, Pantopaque rhomboencephalography and cisternography revealed an ipsilateral enlarged fifth nerve with edematous sensory root (Fig. 2) .
Operative Procedures. Transtemporal extradural exploration of Meckers cave was done in all three patients. The common finding was a meningioma en plaque embedded in the ganglion and root, histologically diagnosed as psammomatous. More tumor was seen in the floor of the middle fossa and extending into the foramina of exit of the trigeminal nerve divisions. Partial or total retrogasserian rhizotomy was done. After the operation, two patients had complete anesthesia in the second and third divisions, and one patient had anesthesia in all three divisions. There was no motor weakness. One patient developed a temporary facial nerve paralysis, ulceration of the cornea, and herpes simplex skin infection.
Outcome. The outcome was not as good as in Group 1. Face pain persisted in two patients, in one presenting as anesthesia dolorosa. In a third patient, a deformity of the ipsilateral Gasserian ganglion, larger than on the other side, was found in rhomboencephalography done a few months postoperatively, suggesting recurrence of the tumor.
Group 3
Signs and Symptoms. Three patients were admitted with atypical trigeminal face dysesthesias and pain. These patients comprise Group 3; their clinical findings are summarized in Table 3 . They were younger, and the duration of symptoms was shorter than in the other two groups. One patient had pain that was bilateral but not simultaneous. One patient had left-sided unilateral involvement, and another had right-sided involvement. Two patients had combined first-and seconddivision involvement, and one had involvement of only the second division.
Each patient had sensory deficit over the face, and two had a depressed corneal reflex. Other cranial nerves were also involved. One patient had ipsilateral optic atrophy, Preoperative diagnosis was parasellar tumor invading the middle cranial fossa and base of the skull and involving the Gasserian ganglion in two patients and Gasseriopetrosal syndrome in the other.
Operative Procedures. At exploratory temporal craniectomy, each of the three had a meningioma involving the Gasserian ganglion and root intimately with the nerve filaments. Hemostasis was difficult to obtain because of extensive increase of vascularization. The dura propria adhered to the tumor, and in two patients, the masses were first aspirated with a fine needle as a precaution. The tumors extended through the dural opening along the posterior root and down along the trigeminal divisions into the foramina. Only partial removal of the tumor was done in two patients because the tumor adhered to the wall of the cavernous sinus. Histological diagnosis was active, malignant angioblastic meningioma in two and a psammomatous meningioma in the other.
Retrogasserian rhizotomy was performed in all three patients, including that of both motor and sensory roots. Postoperatively, each of the three patients had a complete ipsilateral anesthesia, with corneal reflex absence and masticatory muscular weakness. One patient also had a temporary facial nerve weakness.
Outcome. This group had the poorest prognosis in pain relief and tumor recurrence. In one patient, recurrence of the tumor was manifested by seizures, and a ventriculogram done 10 months after surgery showed a marked shift of the lateral and third ventricles to the contralateral side. A transfrontal craniotomy revealed a large vascular meningioma attached to the arterial circle of Willis; the tumor was incompletely resected in a piecemeal fashion. This patient was seen 15 months later because of a presumed metastatic lesion in the ilium and lumbosacral plexus.
All three patients had recurrence of intractable face pain. Two patients had further surgery done elsewhere for pain, but the results were poor. One patient underwent posterior fossa trigeminal and glossopharyngeal rhizotomies and died 9 years after the original operation from intracranial growth of the original tumor. The other patient underwent a prefrontal lobotomy elsewhere 2 years after the original operation and died during the immediate postoperative period. Autopsy revealed a thin layer of tumor tissue in the floor of the middle fossa.
Discussion
The trigeminal nerve and its ganglion have been the site of various pathological lesions. Some of the entities that have been described 5'17 are meningiomas, neurofibromas, neurinomas, gliomas, ganglioneuromas, metastatic carcinomas, sarcomas, cholesteatomas (epidermoid), cysticercus cyst, TM aneurysms, 13 and arteriovenous malformations? ~ The tumors may be either primary or secondary. The most common type of primary tumor is meningioma?"
In our series, the patients in Group 1 presented clinically with typical histories of trigeminal neuralgia and no objective neurological findings. Their tumors were unexpected findings in operations for trigeminal neuralgia; most of the tumors were small, granular, and friable masses compressing the ganglion. The tumors were easily detachable and did not recur; the pain was relieved after removal of the tumor and retrogasserian sensory rhizotomy. In retrospect, one might question the use of rhizotomy because of the possibility that the pain might have subsided when the tumor was removed. The clinical presentation as typical trigeminal neuralgia has been illustrated by Love Kerr 8 has offered a practical hypothesis to account for the peculiarities of trigeminal neuralgia, showing overwhelming evidence for a peripheral pathological cause. Although trigeminal neuralgia may result from various peripheral lesions, there is a common clinical pattern. Degenerative changes manifested by breakdown of myelin sheaths are progressive, and the basis for the short-circuiting of impulses from one axon to another is present, since the proliferative degenerative change in the myelin sheaths often exposes the axon to the interstitial tissue? The meningiomas of our Group 1 patients probably acted as a traumatic agent, impinging on the ganglion and root and thus promoting a severe breakdown of myelin sheaths.
The patients in our Group 2 presented clinically with atypical facial pain and normal findings on neurological examination. Shelden 15 has suggested that sensory changes may be lacking, even when the ganglion has been almost completely destroyed. Pantopaque rhomboencephalography demonstrated one tumor in our series. The usual surgical finding in this group was a meningioma en plaque invading and embedding the ganglion and sensory trigeminal nerve root. The prognosis for relief of pain was worse in Group 2 patients than in Group 1 patients, and total removal of the lesion was more difficult to perform.
Patients in Group 3 had tumors that were much larger than those found in Groups 1 and 2. In their monograph on meningiomas, Cushing and Eisenhardt e mentioned a group of tumors that they called meningiomas of Meckel's cave. The tumor "sits like a saddle astride the ... petrous ridge," producing what they called the Gasseriopetrosal syndrome. Such tumors are difficult to remove because they lie partly in the middle fossa and partly in the posterior fossa. Generally, the lesions were incompletely removed and recurred, with the result that Cushing and Eisenhardt adopted a pessimistic attitude concerning such lesions. Our Group 3 patients presented with dysesthesias and atypical face pain, accompanied by other neurological findings, including sensory loss in the trigeminal territory, corneal reflex depression, and involvement of other cranial nerves. Plain skull films revealed masses occupying the middle cranial fossa and invading the base of the skull. Histological study showed signs of mitotic activity. Generally, removal was incomplete and intractable face pain recurred. No patient in this group returned to useful life.
